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Abstract: 

PROBLEM TO BE SOLVED: To reduce the crystal defect density of dislocations, laminate defects, 
defective tubular holes, etc., by forming a desired element structure on a nitride compd. 
semiconductor layer involving a first region having vertically extending through-dislocations and 
second region released from the dislocation, other than the center part. SOLUTION: On a sapphire 
substrate 20, an Si02 mask 21 having openings 21a of 2 urn in diameter at spacings of 10 um is 
formed, the sapphire substrate 20 with the mask 21 is introduced in a region chamber of an MCVD 
apparatus, then thermally cleaning is made to remove moisture and natural oxide film, a GaN buffer 
layer 22 is formed on the sapphire substrate 20 with the mask 21, and the substrate temp, is raised 
after growing the buffer layer 22 to form a GaN layer 23. From the sectional TEM observation, the 
through-dislocations 25 locate only approximately at a central part of the Si02 mask 21 and the 
crystal defect little exists at other parts. COPYRIGHT: (C)2000,JPO 
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7lg2 0±i;|iP2 1 a^fSS iO: 
Sr^tT, -7^721©|P21 a SraidL-CiSa/fcSG 
aN/<?77i2 2&tfaSJa^fiGa NS 2 3«f 
5ri:(^J;t9 x RiiteteSr-v^^ 2 1 ©{i{?4i*g|5<o^ 
l-ftOR-fSr t^T-t, ft* J; 5 t>Kii<Effi*fi«i-5 



(7) 
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[0 0 6 3] &jb\ *3lli^liT*ttMOCVDjSfe*fflV> 

# J Hfc*fcr**f- (MB e) M^tU^. 

[0064] (* 2 commm) m 4 (4, 2 

^-fWrffiHT'fo^o 10 

[0 0 6 5] t7r-f 7SS3 0±fc, Jfg|5 3 1 a 
tSSiOt i>^5vK;>3 1ii«$n> -^x^3 
KDSSSP3 1 aCliMOCVDSICiOMGaN^y 

-7°G a NTiffil 3 3 iW&LZtlX^S. 

[0 0 6 6] G a NTlffiS 3 3 ±|C(4> nSGaNay 
*?h/g3 5, nSAlGaNtiaA!36, nfftjG 
aNW Kg 3 7, #Mri=-#F (MQW) «ifi£^ 

I nGa N|f£14l3 8, p«GaNW(-'|3 20 
9, pSAlGaNlMAl4 0, plGaN^V^ 
if YMA l*»C©JR"C»j*4iiT^«. 

[0 0 6 7] ±|E#««igW-SBf4, nlGaN^^ 
? h*3 5lcit-rs*T-K7-f:ny^vy&|;:J: 

SfflLfc^V*^ Mf 3 5±{Cnffl!l®fl4 2#Sff2 

lGaN3V?ni41 idli^jfit^ro/cg) S i O 

, BI4 3#iI#iftticffM$iv rrosio, K4 3S.t>* 

plGaNny?^ hg4 l_hiCpfllJ«i4 4#«£ 
*fCI^5„ 30 

[0 0 6 8] fttc, *HJS^ro^*i^— t?©«3ft* 
S^fs$ft (mocvd) fetip^Lfc. fflv^fcia 

<}M. (TMG) , h !i ff-JVTfr^-VJ* (TMA) , 
H)>f/Ky-7W (TMI) , W'^n^^ 
is^v^-v/^A (Cp 2 Mg) SrffiV\ 
LT^ 7^=7 (NH» ) , fy> (SiH. ) £J3 

^fc„ *ty7^tu*iMSi^ffi^ 

fco 40 
[006 9] *-f, t7r^7l«3 0±|;, 05{C^ 

-r«t5>5c5o^mwiBt»«a^ai (»!p«) 3i a 

T\ ^?3 1?:«$, ®ei5fejf(Cj;oT*aaLfc 

:Of77^7Sg3 0^MOCVDMffl5JE)P 
rtf-jgAU 1 2 00t, 10^fflOt-v^y-= 

[0070] &i^t\ y-ty#mig$:5 0 0'CIC±# 
ic^T-y-fe^^ra*^ 1 1 o o"ctc#iftL. lioot: 50 
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ICiiJigLfctg^ y 7#*£ LT**£2 0. 5L/ 
T^ = T£9. 5L/#\ TMG£l00cc/ 

2 ^ m©7y K-^G a NTii 3 3 SrMtS. 
S1*^**3 lK»jjlLfc*3 1 atf«iM&£Jl. 

U l #W©jfcftftfctt¥»fc7:' K 
-7°GaNTit6«3 3ASJgj«$ix5. 
[0 0 7 1 ] to^, SiH, £ 1 0 c cflOx., ig$ 
LtnlGaN^y^ M3 5 (J?£4. 0 m) £ 
M$LLtz 0 m^^X. TMA?r 6 0 c c /&<DffimX'M\Z. 
5rttr«t9, n®A 1 G a N*jjft&Al 3 6 (ff£ 
0. 2 5/zm) SrJgfi8i-5 e $ b(C^W±(c, T V K— 
7°G a NT±fig 3 4 t P«<Dj5jc;ft&#T\ G a Njt^>f 
K«3 7WLfc. 

[0 0 7 2] S«fift&7 4 ot^-efti&u 

*t!)7^i**i>bt* (It2 0. 5L/^) fC 
W0%Z.Z<, -<Dt#, T^ = T©^af49. 5L/ 
TMGOj8ttt9cc/^-SiU TMIWftlS 
PHOcc/^, 3 0 c c/ftt&m~®<9W-itZ> 
rirtciip, InGaNlffittl3 8«Lfc. 
InG aNMtti3 8tt, 3*t£>Ino. 2 G a o.s N 
(Jl$ 2 nm) I noos Ga» N(Jf£4n 

m) MMa>g>J&S£tt?#F (MQW) «iftSrfi-r 

[0 0 7 3] I n G a N^ffittJf 3 8 ftgjftfft, S«?fi 
^SrSO'l 1 0 0t:{C#?fi-t-5„ HOOt 

i^*Lfc*» y TXxzmvmm^Xim («*2 

0. 5L/^) H»01M.» GaN3fe#^ K13 9, p 
iAlGaNfgSA|4 0 WS0. 2 5 M m) , p 
SGaN3>?ni41 0¥£ 0. 3(im) 3r, 
(WT'^-rSo piAlGaNtiaAi4 0fiicMO 
p?BK-^>HS»Cpi Mg©#fej&i:(i, 2 0 0 c c 
tU pSGaN3y?7H4 1fflMH©Cp 2 M 
g©Mi!450 cctLt pSGaNay^^H 

yrtf* (Si2 0. 5L/5» , &t>*r^-e=.r (ffi 
49. 5L/») S«®S^i 

mm&Ltz 0 fit, T>*~r<DW&\t. mmm.m&3 

5 O'CKigL^iCffiLLfc, 

[0074] w±©*s-e^*nfcaft«j5K¥*flci' 
— y-'ffl^aaico^T, y*o znotz 

ffi^iill^K^ (TEM) Wm^otztZh, MQ 
Wflfit^r^-rs I nG a N^f514«gC(C(±, ftt£l?<Dft 

fc, £J|jgt*0Jtie£ffi$£tt. 1*16X10' cm" 2 t 
[0 0 7 5] W±©»**, ^*ft{C«t5U— 



13 

«as*L<|6|±LT^5C4:*s»*>5. EP*>, 
iSu— Tffl^lKTtt, ^ i o 10 cm' 2 
a&&ri s #£U rtbbtD|5ffi<D#Si" J: 9. MQWffi 
ig© I n G a N&SttJIlCjo^T, MQWflfjg^^^ 

ilTEMliit), rixib©fc 0 -;/ 

[0 0 7 6] Sfc, ±fB#S«ii©-gG£, niGaN 

H3 5ST-t-'7^i7fy^ftCi!)»i 
U *-©±g|5fCT i/A 1 ^bJ^5nfl!imffi4 2 

Nay^ M4 l±lCJittSfc#J5>&©fcfcS i Ch 14 
3£jitR(ft|;:ffMU :©SiO! Jf 4 3&tfpSG a 
N3^ni4 i±JCpffla«ffi4 4S:»fiKLfc. 

[0077] jti&iDmmzG-rz^mftzmmz 

ffML/C7i^£ % 3 50,imX 5 0 0^m»^§JI; 

5. fcft4 1 7 nmT-Saii^g-rSw fctfMiBSft 
fc„ ^Wl!)^mffiii4. 5 V, L%^m9,%L$5&fi 
1 . 5 k A/cm 2 X'h-otZv 

[0 0 7 8] i£%mX*ftf£ LtzC a N£¥*tt U— tf 

t>v — ■ !f38«-rs3u?-©ifeas4 oyoSgr-fet), 

fco tf*Si:i5i^- f%*lzjs\,^X. u—?%mmc 

Xii p a K-^V F ffcS-? ^ •> ^ A (M 
g) &]£&m<PRXfnW9,m&Xfg J ¥='y*? hBWz 

[0 0 7 9] r^ftL#»S»t'f^ ±eraH*is 

1 0 0-1 00 0ffiFfc.jgtf, ft gttt^Tdfl 
[00 8 0] #£llfi»1ig^liU-lF,;:o^TiftlJI] 

[0081] ( » 3 <Dmmm) m 3 (Dmrnmrnxa, 
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ICG a N (2 urn) , XliGaAIN (0. 3 /j m) / 
GaN (2/zm) SrfiK*Lfc»S±^»fiKi-5. 
[0 0 8 2] *T , ±fB©S«±lC 1 0 u m*!© S i O 
2 -^^Sr, GaNlliGaA 1 NJIroaW (11-2 
0) t*E*|Sj (1-10 0) IC, 2 ti mPalPlT*;* h7 

±tCMOC VDffiClJ; 19 , 5-50^m«GaNiM 

ffiiiSix, -t©«. *fi«lff©**0 4:*iC*ffi5Pffltt3Js 

10 &#£ti5„ (t em) mm 

^SaLfcte&^^Jitf-S^^So 

[0083] w©i5iwJFffl.eisac#$ix, jrats&& 

7c*iic[S]_hL, m 2<Dmm.mmx^Ltzu-*f tmm 
[oo8 4] *mmBmx't$i>— yt^xtstm 

[0 0 8 5] m4o%MMWd 06li N #»W©jS4 

30 [0 0 8 6] #*J£l5fi©¥>gft 1^— if ©fftfctf 
WTfcKW-fS. *T> t77^f7M5 o±ir, Si 
0 2 iTi0 2 d»&A<SMKt:IKi»lwJ:9fl(JILrf^ 
fi)cLfc-7X^ 5 1 ^ffM-TSo v^ni ic(4, 
HTV^i^/JS, tt@0. 5 jtmOHnn^S OfimM 

[0 0 8 7] &-T<DU— fm*R£J§m<D : Bf$.nMOC 
VDftlCiUMLt. v^^5 1?;MLfcf-7r^ 
TStS5 0±(C N GaN/<77ri (H*^T) 7JS2^ 
W^fiSixSo tOilitSiSrK-AfcnlGiN 
40 ^y;?^H53 (f^2Mm) SrJ*fi-T5o -©!3\ 

MV^T, ^-©±g|5(CS i ?r K-7°Lfcff§ 0. 25Atm 
©nlGa., AI0.2 Nmj)itaA«5 4«-J5icft-r5 0 
[0 0 8 8] &l/>-C\ J?£ 0. 1 Mm© I no., Ga 

fc/pSO. 25/imOpiGa... A 1 0.2 N€»g£A 
156^ nlGa,., A 1 as NSIKff 5 7 SrHljJc 
^fi-T2)o w©^, -I^A?:MOCVDlli^|! 
50 t)ttlL, m*$fe^S5 7©gffi{C, 7*hyyi7*y7^ 
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/im^CBP^JgfSU *tft&A« 5 6 Z-Um&i- 

[0 0 8 9] ftl>T\ ^aJ:WMOC VDjIttlCag 
AL, tlt$f5 7©±KMg£ K-/LfcpfGa 

£b\C^ pfGaN^v^^ M5 8»IJ|J1II;S i 

JfiMfcfcftJXU f l»Sltl5 9^Mt5„ f" 
77^7265 01(1^^:8 iOi i T i O* 

[0090] «±®i 5ic^$nfcu— vm^mmn 

OZMrfc-fZo — *\ piGaN3y^^M58il: 
i> pflltiei^U a6t*tJ:54fy/R 

[0 0 9 1] g*±©J: 5Kff*Ufc*il|t#u— Iffcfc- 

Kg 3 8 0 nmT?£fiSgB&«#*R£*ufc. ;o|© 
Ltl->ffl:««tt9 5mA, ®)f^mJEfi4. 6Vffco 

[0 0 9 2] J: 5B3S#SI^&i/-f i -C' 

fi, S i 0 2 iTiO: frbf&Z&mm&^x? 5 l ir 

ISfi^Pfe&fifi, &*?£© 10 0 #© 1 WTI-^'> L, 

r©***, ^©ttfflWtatffflnittasiaiiLfc. 
[0093] asEife-cttj'ai^aBrt-ertJiJi, # 

i-fl:»KaAli LtfflV^G a A 1 NgKfet^TJXffft 

Htffll^SiO: iTiOs #*«S:S«' 
nicj;9 L#VMI«ffi£<£fl£T*t-5 0 

[0094] (9 5 (ommmm) m i *%w<Dm 5 

[0 0 9 5] ST, nI->!J ^yM6 0 {Cff $ 1 0 0 
nm©»iMfcS iO, 8X6 1 IKflMfcjJsrt 
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15, ±e©«!q»o*5/y=i>»{i:g|6i*|ft*L, * 

6 1a«t5. ^tliat), ~>y =VSS6 0£g 
DKHrtltAiU SiOi 8X6 l^^L7i^i5(-, 

liio oott-i ofttuw—r/w ]) --yy&n 

[00 96] ft^T, g$2. 0 fl m«)niGaN3V 
?ni6 3*»fil(U SiOi 8X6 l£ffl©j&A/£« 
10 r©nlGaN3^^H6 3BS iO: 

8X6 l±T"f47X7/H#fi-f.5fc* > IS^-yPsyf 
&oTt>, |5{i©^&^ii)n D B R©lll;:&3 0 fc^X', JP 
$0. 2 5 timCOn^A 1 G a N«9fE&AS 6 4, ff£ 
0. lnm©In.. s G a 0.-5 N&ttJl 6 5 . 0 . 
2 5)imWpSAlGaNtaEftAl6 6 > f$0. 3 
//m©pSGaNny^^H6 7 £ £ ©WejK^-f 

[0 0 9 7 ] MOC VDgBli^ttl ttiL/c^ ->!J =J 
i'Stte 0©S9£n£!tt&6 8£Sg#T«-r5 0 * 
20 fc, plGaN = ^??M67 ©Sl^Jtgf^^ 

So pIK-tfy^Ltioffittfti, pi, 

n Mft4&©jgfct Sr Ttf 5 tz © fc3*£Hfc * -er --/W 

[0098] et±o*jsfe-efPdiufc»3t^*- kk» 

ii©*3t^^--Ktt, &*©f-7r-f T£«^S i C 
[00 9 9] (»6©H«»1B) H8tt, **M©*6 

<omwm\z.%t>^m^^yifBLiAm (dbr> 

1f©^«3t^-t-»fffiilT*fc5o 

[0100] *-f, t7 7 'f7ll8 01CMOCVD 
ifetC <t 9{g?fiG a N/<y77i8 2 U ^©±g|5 

ICTyK-T'Ga NTil8 3 Wr^T. n 

SGaN3y^^hl84, nSA 1 Ga NliitaAg 
8 5, nfflijG a N3fe#-T Kl 8 6 , (MQ 
40 W) ffimZ^-fZ I nGaNMtl8 7, pftlJGaN 
W K18 8, plAlGaNtliAi89, pi 
GaN3>?^hg9 0?::(OltMU !f(*£. 

[oioi] ±E#s«it© \s-v\z.mm 

y tLXm& 50nm©SiO 2 8X91^ 

^*L, K^^^s/^y^f^LfeSR^Jt©^, 4 2 
50 0 nmfflffin*. by-fy"^. $i|S5 0 nm<D/<#->> 
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LT, 7?fk7y*i!)A|;-CS i o 2 ggi^iy 
f-y^L, (MPgP) 9 1 a fc^-fS S i 0 2 

^?9lWt5. r©i9 1a|CGa 

[0 10 2] iPXtOS^SrS^MOCVDg 
gf*3!C#L, y > K-T-COG a Nl 9 2 £ 1 0 0 nm<D 
ff$(CSfijcft$-1±3 0 ;©GaNl9 2!4^i6-7*?T 

*"f5o nlGaN!84tnlA l'GaN|85©jf 
S\ pSGaNS9 0»±iCpSSSi9 4 5r- ; eixm^ 

^^"•So 

[0 10 3] r 5 LTMLfc*«#l'- i^««aA 
4 2 0 nm©^l:*feftLfcl/-f»S 
8Sfg.T'# fc„ G a N^igSg 9 2 ©ffl!)ffi(Cf4, 4 2 0 n m 

«&SSrt(-Aofc4 2 0 nmWfl-iOjfcftSrJSofcJfe 
ttSWSr«l*9 iSLTV>< Hl:»sLtv><, Ccofc 20 

7T7/Wfcft£#JfflLTfto/b.Ga Nf&^fflt, t5fi 
* l^SS fifCwJl ic ft o T l/^ -5c 

[0104] u— f%£mmzt&9:i-z>m-, a 

2 0nm»SiO ! * V 7-i 7°$:Bl& LT&ftf^ 
|Sl«©*ft-e©ttSOTI^W4 2 0 nm©[Ut»T&^£ 

s-o^ffiiiiu (dfb) u— y&fttft-r&z t i>-*im 

[0105] uiji, ±iEjg 1 75^^ 5 (DmmnmT^ 
vTy^^^i&m^-t^tzm^m '^-^^^m^t l 30 

T\ ±(CS iOs i O2 &fflV*fc»£-{COV>T3Mli 

Lfcris s i 02 , t i O2 ©[fit, mttfomt^Va* 
*#£>$fti&STfc5 1 0 0 o°c^±»rfijtT-»M±£ 

ft, it LT I n, Os , TiN, A1N, S i N, , 
WN, ^tfmfbtlZ. lOOOtHiWlfif 
»Att£#-f 5i>cDT;ib*ii4, ^^fyf©M» 

[0106] &imwm<r>imtfL<o&^mPez^*9tt 

fiiUfv^rtiaD, ^ H B Ba 0 p»©|6]±lcJ;S^ 40 

left, *^-aUt©±#KJ: 9 3K?flr«(tt^ffiTi-5Mfl 
f4i£2ojT£>5„ coj; 5 ScSIM4©&^& 

[0 10 7] 3»eaM4©»^tt-*t*^^^i: LT 

t LT$K5gtt©l§V^©£fll^.5- tizji*), JJHtK 50 
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[0 1 0 8] #±©<t5lw. Lfc"?'* 

[0 10 9] ±IEHit^fllT'{i^ft«tgi LT, 

t7r^7, s i rcofdiics i c 

[oiio] £p>i^ ifwmmtmmt^m^mwi 
[0111] (* 7 ommwm) m 9 , 11 1 0 f4#3gBj 

-f5fc*coHT\ El 9 i4SHHiii$rffi[2k lioiiv^ 
^^^-ycoqzffiSIT'feSo 

[0 112] 09lCi3^T, 1 0 TStS, 
1 0 2(4-^*? t LTCOS i O2 S (0. 3jum) , 1 
0 3tJ7VK-7 , GaNf (3 urn) , 10 4i4n-G 
aN^n M (S i K-7*, 5X10" cm" , 3 
# m) , 1 0 5 (4n — A 1 o.o8 G a ok N^7y Ki 

( S i K-7", 1 X l 0 ' 8 cm"', 0 . 8/im) , 10 
6(4n-GaN^jgg (Si Y~7°, 0. 1/im), 1 

0 7 tin -A 1 0.2 Gao.s N3r-y U 7t-^-7P- 
KlhB (S i K-7", 1X10" cm", 2 0 n m) . 

1 0 8 (4ffittST*fe5o Stt* 1 0 8 (4, InGaNi 
T-#F (7VK-7*, In,.! Gaos N, 3 n m) 7)5 

Smt^tlZmJl I nG a NMtM {T^Y-Zf, In 
oos Gao.95 N, 6nm) ^ t> ^ -5 ft^-#F*ig (SC 
H-MQW) tioTV^i. 

[0 1 1 3] $P>tC, 1 0 9f4p-A I0.2 Ga., N 
^+y7t-^-7o-iSJh| (Mg K-7 1 , 1X10 
c m" 3 , 20nm) , 1 1 0 (4 p - G a Nagi&JI (M 
g Y—~f, 0. 1/im) , 1 1 1 (4 p — A 1 0.08 G a 
0.02 y y YM (Mg Y-y°, lxio" cm" 3 , 
0. 8^m) , 112IJp-GaN3y?^H (Mg 
Y-y, 1 X 1 0' 8 cm" 3 , 0. 8 urn) , 1 1 3(4P 
t (I0nm)/Ti (20nm)/Pt (30nm) 
/Au (1/zm) ItitcDpfiljaffi, 114(4A1/Ti 
/Au«ig©n«mif> 1 1 5(4S i G-2 iffe^Tfe 

(ffiBir^pm ICI4T iO s /S iO s S-#®(-aiL 

[0114] M9v^tm^o»m^mtt. wT©at) 

•cfcS. *r, t7r^ 7lSi o i±tc, no 

(a) \Z7ji-r£oiZ y CVDftT'MLfcSiO! ll 
0 2|C/cftje?tBBp Lfcv^^S:^1-4 e ;©SiO 
2 ^^^©JlfflST/At^wtfcf*, t7r-f7Sfiio 
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1 i:7Vh*-/GaN 1 0 3K>fe^?FS^roi%^Tt 
U &m&Ty K-T'G aN103ffl (1-100) * 

[fij WTK * 5 i 5 L it, 

[0115] &i^-c\ m%%mn.x 1 2 0 o*c*T*#a 

LT> IgOt-v/^iJ-^y^iSiO! -v^.^1 

0 2©7^-u v^^*fe/ciateSlrte-f„ z<n&, ?a 
5^5 0 ot:*T*i^?aL, h y t^/t-xv v&Rnr^ 

fedi^ 3»P B lGaN5rfiScft-f5o Ufcl^T, \&&* 1 

1 0 Otldfl-jBU lB#ra1T>'K-7'GaNll 0 3^ 10 

aMS5 0 o < CT-te&&m^ftU 1 1 0 Ot:(w#rU 
1-5-irT'^^gl#c©G a N^JFM^^5„ Se^T, 3 

[0116] <fc i9Pffl(cai-<tLii\ ^xtmanicmtii 

■m-yr-fr^i o 1 (Oi&Mfrh^z- h Lfctefi 

t-a-frLT, Miitefi^ffM-TSo GaNll03M 20 

tf, G a Nil 0 3<D-fem££l±.<7>mma^ -?7>9 

[0 117] CVDSt«LfcS i 0 2 11 0 

2 4'ICi4, *l!^j^oS i <D^±£.f&m>8Lmzft 

WagT'T^-y >?*niotJ:^k, iftfefiMI 30 
iC^S^T^^T^f^icJ; OSiN, S&mt LtzS. 
im¥%#tfS i 0 2 110 2±(^t^IUi^ftLT 

[0118] &i^T\ *M#R£-fr-f K, n -G a N=> 
V9 9 hi 10 4, n-AlGaN?7? Kl 10 5, 
n — G a N^Stl 10 6, n-AUs Ga..« N^r-t 

y r a— /<—y n-Kiti 107, MQwffiitf 1 0 

8, p-Alo.2 Gau N 'J Tir— 7d- pj 
±110 9, p-GaNifflllO, p-Alo.o 8 G 
a ok N^77 Kll 1 1, p-GaN^y^Hl 40 

l 2 £Ji#:ffM-t-3o 

[0 1 1 9] &^T\ ±!E^l1»^cD-gP5rniJGaN 
=> >?9 M 1 0 4©$I$t- Ky-f^yf-^icfcCiJ; 
9I&*U >tWL ( liBLfcnSGaNay^ 
hll 0 4(D^ffi(rnfiiJS«l 1 4£JlM-f3„ 
^f-OlfigPT-fc-S pSG aNa^nill 2{Cf4 

* hy^^«:copffliJtt«i i 3£ffi^ir.5„ r»i§£\ 
StHL/taftft^«:lO*ffi(4S i 0 2 11 1 5 "CM 

[0120] &.±<D^mx'im^ixtzmtm^mw^ 50 
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— y-'ffl#lS£lcol^-C, *B^7^-Dv?-wM^5rtTo 
fci^5, ffifeT¥a^^ftl^#^tlT^^ 0 
WffiSiaa^^ (TEM) ®M*ftr>tztZ\h, ft. 

{mmmio* cm" t&^h<Dxh^tz 0 
[0121] mz, ±^©^^#in^jfMLfc^^ 

2 5 0 MmlC^Si^lC^yy-fbL, 
&A£'ffotzk ^ 5, S*4 15~4 17 nm-C&fiii 

^iss^fiiii^tifco » J f-ro»i^«:mtt4. 8v±o. 

3 V, LtVMIft^ftttl. 5~1. 8 k A/ cm 2 
T'fcofc, £<b(^ !)i^W9 7 %tl±<D^T- 1 0 

0 0 omr^±<r>^mmmm*mm^titz 0 7 

$>mm<p<Dnmm{mmt 1 0" cm " 2 ga?* 

ffi< , JS^WtMtmJIfie. 2V±1. 5V, L#Wit 
S9fES;*(4 2 ~ 5 k A/ c m' i: 14 (bo# < , * 

fcSraS^S«)ft(4 5 0 OBtFBm^T'foo^ 
[0 12 2] rroj;5l-*^ft^ffii4. t7r^71S 

1 0 l±fcA^<©PJn^-y£frt5S i C> 2 
^102£ffMU r©v^^±|;GaNfl0 3^7 

©»0'>ii^I„ D D f©GaN|l 0 3%Mf&i-%Zb 

[0 12 3] /<Cib\ ^HJlJF^T'li, IHl 0 (a) Xtf 
LfcA^foip/^-^|it5S i 0 2 l 0 

2?rffl^fc^, no (b) x*k-r=mz<Dmas<?- 

t^X^tz 0 1110 (a) X^LtzTKmP*? 

-y?rsio 2 nht Lxm^tzWift. mm~mio 

(b) X^Ltz=mW,s< i O2 coftt LTffl 

[0124] (^8 nmmmm) mi at, *%wv>% 

*-t18immxh&< > ftio, Hlllt©301~315f4 
IH9*O101~115tct@a LT^5„ 
[0 12 5] t7r-l'7Sl3 0 1 ±{C(4, ^1 C0"7^ 
^iLTJf^O. 3 um<DS i 0 2 13 0 2 a#Jg$;& 
it, ^ fflllcf ^ 3 (i m©7y K-^G a Nf 3 0 3 a 
^JfM$tl-C^5„ Ga N13 0 3 a ±|CI4, ^2©-7 
y>9bLXJf£0. 3 w m©©S iOi I3 0 2 bffi 
fiic^il, 3 (im©7> K-T'G a Nl 3 0 

3 b^J!M£ix-C^'5o 

[0126] LT, GaNl303b ±(Ci4, 5fe©^ 
7<DmMJ&1&bmffilz. % n-GaN3^n|30 
4, n — A 1 0.08 Gao. 92 N^7J/KJS3 0 5, n-G 
aN|Sl3 0 6, n-Alo.2 Ga... N^vVT^- 
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—s<-yu-pj±l§3 0 7, SCH-MQWgfti3 0 
8, p-Alo. 2 Gao. 8 N^r-V D T if— s<— 7a— pj 
ltjf3 0 9, p-G a Nig&g3 1 0, p-AK™ G 
a o.o2 N^^yKiSll, p-GaN = y^? H3 

1 2, p flams 3 1 3, nflymis3 14, sio, mm 
m3 1 5»^$ntv^, 

[0 12 7] #£*jea^fc©»7W£»J&ffi&ftfcS 
£fi. S i 0 2 -?X?Z:fflmLti77-7/l>l8.&Z2\B\ft 

0ZbX°hZ> o lot, n-GaN3y?ni304 
«»©^iSe©lftM«:«ISL, ffi»A©»JtXS©^ 10 

[0 12 8] *-f, t77-f7Si3 0 l±m, Hi 1 
(C^-tJ;5«-, CVDSfMltSiOi |30 2 a 

* * 3 o 2 a ©fflJH, *££©Jtf4, JB7©Hltjgtii 

RfllK, t7r^7SS3 0 1 t7> K— 7°G a N 3 0 
3a©feWI$©l%«Ti:U &mi*T>h*-7°G 
aN3 0 3 a» (1-100) £ 5 

MLfc. 

[0 12 9] jfc^Tf, iiflMfnOOlCtT^ifi 20 
LTSSrof— y— -y?k S i Oj vx^30 

2 a©T=-y V^*#fefcHMG«fr*Lfc. 
&£*5 OCCi-CfciftU h !> * f-iVjS V V ^RUT 
>*-T%xk*\ y 7#*£{fej£Lfcji*p©MOCV 

10 0 C C(C#?ML, HtW7yhV7 > GaNi3 0 3 a 
«rfifc*-f S. 

[0 13 0] SgS i 0 2 R3 0 2 b£CVD 

ftt«L, 7>K-7'GaN3 0 3 a© (1-10 
0> jSfak¥-'ft\Z., H3|im, jijfi 2 O m©* 30 
7°-vX?ZftMi-Z> a a*#ffl»T*l 2 O 01C 

£T"#7fiLT, iOi 
^ 3 0 2 b©T=-y ^^4r3»EtafcSR&aS:lti-. 

^©m, 1 1 o ot£T-®?fiu hy^^/w^y 

ffl7VK-/G a NS 3 0 3 b £/&fi-r3o 

[0131] fcv ve, 5 :ii lk:, n - 

GaN^^ni3 04««U jf 
02-7^.^ 3 0 2 b©x h^^i^fTKi-Sri^J: 40 

[0 13 2] l5l±©*ife-e^fiK*ixfca{k»^^*{*:w 
— !FJB#Sfi&©TEM«f?«:fTofci:w5, mafcte® 
Stt, 7yK-7'GaN13 0 3 aOK*10 i cm 
" Z £T\ T> K-7°G aNl303b<fc<9 _kg|5©#JiJg 
+ T'i4^10 3 cm" 2 ST«T*tfc 0 

[0133] ±m<nm®ziii-z,¥m&£i§m$: 
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SFfcmjfcSEA&Lfci: w€>. 26ft4 1 5-4 1 7 n 

8V±0. 2V, L*vffi«ai?6^ttl. 5~1. 6k 
A/cm 2 T'footZo SfeJC, ^i/sf^©9 9%tl±© 
IK*1 5 0 0 Oi$FflW±©^fiiiM3§fe6 s »fg£il 

/Co 

[0 13 4] r©«t 5 K*HJfi^li-C-fi, 2 0O7T7 

/^S(-«toT^7©iijs^ < t?)'bH/ < c5j?:a^© 

tF#t?*5©l6j±«rH«rii«pr«i:45 0 
[0 13 5] ft*5, *|gJ6JKli-C-tt, Ell 0 (a) (C^ 

LfcAM^ip^-^ftssiOi -?x?%m 
^tzi\ r©te(ct,Eiio (b) •cstH^froiP/^ 

jg(^(4A^^©a,«/N^-^ % =^?^©ft^« 

^->©^-f^Sr«a^^-frTffl^T'bJ;<, ftTJf 
©Si0 2 (3 0 2 a) aS*£j&Xf4H3JEM* 

-VT'fctltf *^ffi^T*H2lsI©7X7 

[0136] g*±, %7Rvm8<DnMKmx*ii, 7 f 
i-^fk%^^fr©jS^fi^T'fo?> 100 or;«_h©fi 

5o 0>Ji Lt, T i Oa , I n! Oj , T i N, Si 
N, WNx^tfSfctf fejfcS. 1 00 ot;w±©ii5 

MTiftM££#r5t©x-fc*ui\ ^y^'^xv^©^ 

LT-y-7r^Taffi^0ij(c^(ffc^ N ^©teic, si, 

S i C, ZnO, M g A 1 2 O, t£©S«£ffl^5 £ 

[0137] *3SWtt»k*^^w#U'— y-*©^ 

^fflT'#, Sii*5^©*S H B B ^Pfe?gS©i£«[rJ;S^ B 

l^THt. Kiitefi(g^fcJ;Stefi[©*»)^ffil«ii$tL{tffi 
tt^|pj±-f5„ m^-rVW^tcjo^Tti^-ty T 

[0138] 9 (DMMBm) 012IJ, #3PJ©|g 

9©njg^B{-#*35S^^^^u— y-*©^^«it 

[0 13 9] Hi 2|cfcV>T5 1 1 tt^r'f TSST' 
fc!5. r ©Sfi 5 1 1 ±Ctt n IG a y 7 7 1 5 1 
2^^^tL-CV^ 0 G a N/<j/77i5 1 2 ±|C(4 S 
i O2 ^^i7 5 1 0^^. h7'C7 B ^[CffM$tl, r©-? 

5 1 0l:l^-C/<5'77i5 1 2fij5r5£©flS££-e 
^y^^-^^tLTV^o GaN/^77l5 12MS 
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i 0= -777 5 1 0±{ClinSA 1 G a N7 y y KS 5 

fcfi, T V K-7°G a KS 5 1 4 , I n G a N 

/InGaM^^ii^FISlS, pSGaNJt 
^Kl5 16, plAlGaN!?77Kl517» 

[0 14 0] Sfc, ±EcDlI««igftf4, *ffiffllA>e>7 
?y Kg 5 1 3fc*f-S*-e— »Kt***l, BfcHLfc7 
7 7 KB 5 1 3±^»in«ftffi5 1 9&je&£tlX^ 
5. plAlGaN^7 7Ki5 17±l:il fiiSp 10 
SGaNny^ni51 8 LT p ffittff 5 2 0*5 
^^tvT^5 0 rtlib<7>tti5 1 9, 5 2 0(ittlf 

[0 14 1] d^T', #B©*gi&fifcfti::ttMOCVD«r 
ffifflLTV^. »gfc*ii&*r*-SGaN (5 1 

2) /A 1 G a N (5 13) »-N7ngA^ 5fcft 
(C, n 1G a NI 5 1 2 ©Mil:^^ ^ t * 5 S i O 

tz c Z.<Db%, niGaNi5 120-g|!tiyf^ 20 
its i 0= x 9 

[0142] ^mmmm<Dm^t, &mmmziii-& 

7 77<£>38££ffl<C <>:&<, nlAl GaN^7y K 
S5 1 3*ff<^-f5r bi*V%, 777K15 13 

iS&m&'ptoz&tiiZz k \zt£ <o , jfeffl CiA*f4*t < 

jtro4M£&L'— 1f<Ol,#VMIf4, lkA/cm 2 T'fc 
0. (**©l/5ttTt-/h*<1-5wi:*s-Ctfc. 

(Hi 0©*»|) mi OO^Jif^T'14, 7Fy^ 
7°^(75Si0 2 -?X7&Bf$.-fZ>%fa%mk£lt, 77 
^jMMMfctriksfclt****-*-. G a NW/&K(4*1i 
&M»f@J?!c:i: (MOCVD) di^ofc 013 

(a) 14, 7-7t-1'7S«±(CG a NB£jj$2. 5 // m 40 
J&RU ^rCDitC^ 1 . 5 //md7 h7^f 7°^S i O 

! -^7,7^mz umfflmx-v-7 7'(Tmm<D (11-2 

i> ^fi, t^GaN® (1-100) ^iRilcffM 

[0 14 3] Hi 3 (b) 14, t77^f7lgi 

C:GaN£$J2. 5 /i mjfcft UfctfJE* l^«fc*«±lw 
1 - 5fimO7vh7-f/tSi02 ^7 7£**)3/i 
mtKif, Hi 3 (a) t(49 0° S&5#|6), f4 
fc>*>-y-7r-l'7SfecO (1-100) £fcf4Ga 
N© (11-20) *^)l;MLf:*^©«f&^ 0 H 50 
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13 (a) , (b) tt££3Mt?gi&£ (SEM) t4 
[0 1 4 4] El 3 (a) T*(4, S i O, -?7^:#4 

L4v^»»T»tt, T»B<0tiM8£Stttt^-c , G a n<d^ 
ftASitflL, SiOi -77 7AS#ft-f 5SE£-Ci4, -77 
7©ffii$A^7T77M#;g:ASffii§$;ix, ^^^gfl-c 
GaNl^L, ^PjfCfiitS^iStfiGaNB^^Jfl 

[0145] 013 ( b ) T"f4, SiO: -77 7 

AS#£ L*^»5>-Ci4j«fi!4SiifT U ilASH^fOl 

ft5AS, -7 7 7AS#£-r5gj5#T'f4j&eASgffL&l,\, 

[0 14 6] JJLLW&SA^b, MOCVDffiT'f47 
^7':tfc-T7;7£f-7 7'f T&KCO (1 1-20) #[6], 

G a N© (1-10 0) t AS 

S*Li/*;i Ell 4, 01 5li777^g 

lEiS^tl6f-7r-YTSffi© (1-2 0) 
*>GaN© (1-100) ^l:, S i G-2 7 h7-f 7° 

7 £)1M Lfc«»0»rffiaia*^F-eiS<tift«:^ 
-To •^7r-rT^«iGaNjitcD#ffi7?^^Lfcm® 
<E{fcfi> -^7^>JS#?tL*l^7>T'f4figfi*|6HCKa 

[0 14 7] ^7 7AS#?!E1-5^T(4, ^7 7 

OTS|5l-#ffiLfcMii<K{3i(4-77 7(7)ffft{c4 0 7*n y 
7 Six, ^©_ta5~©fc*fas$fl$ij£*l,2> 0 fcfc'U -77 
7W«^?>Ga N©777/^ftASitff illf-777 

[0 14 8] Set, -77 7iSialfl3(w??4-t-?,«iitefi 

K^fiffirt^tftff fenSo fct, 777/^1© 

AS, 2 /! mgSGaNl«fiJ«: tt4t), J&ft 

[0149] -r&fr-fb, mm^mt^^y^bmtitz^ 

#-Cf±f£* if ft 9 ft Cfijfi" 6 AS , v 7 7 ±A> <b 

IEA>P>, 7 7 7/^SAS{£iSSn¥a^G a NIKAS#e 
ft-5-77 7©flM3fft£jIiRU M(C-77 7»7Cffi^ 

£H6rt, $fc-77 7©7 h7^7*M©WliS:«<-r 

(m 1 1 <»%mm) m 1 1 ©isiiTii, s i o= 

^©-77 7Sr^-t-5T*S«i LTG a NSrffl^fc* 
-g-, fcit/A 1 G a NJrffl^fci^lCOV^T, 777/1/ 
^ft^tt^rli^JtS Lfc^mSr^-To G a N(7)^ft(4Bfi 
CHlfe»ll&PI1KiZ««AJ|«mAft (MOCVD) j£ 
ic4oTfto7c 0 

[0 15 0] Hi 6f4, t77'f7SSil:Ga 
*52^mifiU -€-W±t(i^J 2 //mC07 h 7^7*^5 
i 0 2 -7772:7 h^-f 7*F^fiSiKj3^m-r*^Lfctco 
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LfcWSr^i-. Bl7li, t7r-<7Sg 
ICGaNe^MmMLfci. AlGaN^2« 

$r . * h 7 -r 7mmm 3 « m -e»j* Lfc t © £$fts« 

[0151] S i 0 2 TXfCDX h 7^ /©#[£] f4, |g 

1 0<DmmWMX'7fiLfli:o\Z. MOCVDftllJo^t 

^r^/^fi^jt^^^-b-^r-rTSffiw (ii- 

2 0) 7j[6k i-fcfr*>G a N© (1-10 0) Tjfiir-f 

5. 10 
[0152] 016, I17IJ, jfeSHttT-Btttt (S 

EM) IC«t5tt»Sr»fffi*»fc«*Lfcfc©-?as>5. 01 

6, 01 7(w*-fJ:?IC, i**>bC0S«±T*t), SiO 

t-Ga N©J&gflSitfT U SiO, -v^^^Si-SSB 

TOte© i^G a NS^tfeHit. 
[0 15 3] L^U^CJJSP), Hi 6 [d/Trf <£ Ga 
N/t7r-f T<Dffimffi'&±^S i O z 
«3i4. -^^JiCIaIW KriUEkix, ifc-v^tffid© 20 

[01 54] -7j s iH 1 7 IC^-TJ; 5 AlGaN/ 
G a N/i^7r^TCDaJHfifi±(CS i 0 2 

v^lt^f-'lili^f, 7T7 
^WSfiKJ: 9, GaNirtM^CIftbnt^S. * 

iO= ^W-v^^SrfML. -?:©J:ICGaNi©7T7 
^*ftSrfT5»^Kffl^5*ffi©*ffi^A 1 G a N£ffl 30 

[01 55] ±f£©|j? 1 0*5 4t>'3? 1 1 QXttflMBJ: 

* h y A * fte-tyy 4 (l 1-2 
0) #|bK -f*^*>G aN« (1-10 0) ^[pJt^FtT 

£#a*L<, -7^^ (^PpSP) ©$K4 

1 // mW, $?* L < 14 3 m ra«± > Stc£F * L < 
141 0 um&.±i: U -7*7©F H 1|5I (fflPg?©*!) (41 

40 

[0 15 6] 7^7/H&6££C$-fr.5fc«>©-r 
xtZM&i-Z&fiik LTI4. t7r-/7SI, SiC 
S«> S i £&, G a A s S«> G a PSE GaNS 
*£$£©/</l^ ©fife, BfriE^/W^±tC I n. Ga, Ah 
B N (0^x. y, zSl) SrJ&fcLfcSS 
##SU\, <PT"bSi0 2 «f©T^^Sr^'t5** 
S^GaN, «t L< (4A 1 G a NT'feSi: 7^7 

/I'fifcftfcJ: 9»e>ixfcRofiK#S^. A 1 G a 

©T^ili: LTf4, AlGaN, InGaN, A1N, 50 
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GaN, teXV^iXbnm+lCBZmMLtzttn, Jo4 

MLfcS«±l:Mt5lB> GaNffc5;i/)!ft 
■bSSLl^N In. Ga, Al, N (0 

Sx> y, z^l) X'fooXb £.l>\ CHX.J4*. 
Jgfi&LfcA 1 GaN/GaN/t7 7-f7lgJ:|;Al 
G a Ntr7r7^S$*T{3«t^„ 

(jr 1 2 (nmmmm) % 1 2 ©njfe^-e»4, g a n/ 

•^^T'TTStS, &4LKA 1 G a N/G a N/t7 7-f 
TS^ilC, ^1 0©HifItvTLf;t77-1'7SS 
CO (11-2 0) 7J|Sh 1-ftfc>*>Ga N© (1-10 
0) *|6HCt|l 2 ^m©S i 0 2 ^ £ 2 ^ mRBRSt? 
ML, -^coifCG a N/f 1 0 fi mj&ft^-frfcSS 

[0 15 7] g«©gW;:4:S¥*#U-1f©# 
tt£itt£Lfc 0 MOCVDSI;J;5ifflI¥**u- 

Kommwmtmmx'hz, inGa 

N^^-S*T-#F (MQW) ©#FiCf4 2 t-T-So 
[0 15 8] U-1f-Sff^£f|^L7c*^ G a N/1f 
7rW , T*«±|Cf^«Lfc*^-HJt'<, AlGaN/G 

B*0tf»e>*L5ri:*!WWLfc. GaN/^r-fT 

AlGaN/GaN/t7r^ 
TS4££ffl^7c*§£-tCf4, Buffi©4 o <tWH!)ijitJ4 

S»»C.fc5IEffi«£©ffffi-efi, G a N/ 177^7 
SSSrfflVSi:, AlGaN/GaN/t77-(7iS 

bO^t't, 1 0 4 cm" 2 ^T-fcofc Hf-# 
te©ffMB«:fr-ofc 0 huIB© ifh b OtWCbSaXIEIS 
«^tte$tlfc„ G a N/t774'7iI^^f:KM 
T-14, Blffi€9it*Sf4iKl 2 . 3kAcm\ »)f^flffi(4 
1^4. 8Vffeofc„ Sfc, AlGaN/GaN/t7 
T-rr«fiSrffl^fcW»T?l4 % HM«iSlt*ai4iKj 1 . 8 
k A c m 2 , tbf1=mJE(4^ 3 . 8 V T**>o fc„ 
[0 15 9] SWittSfi^lKMt. *^##5r 

50 oo^ws*a[tt»ff*«ttLfc*)fco*»e), ssi^ 

8 000Wffcofc. iiXiC^L, A 1 G a N/G a 
N/t77^7SS?rf^f;l/-f-S?m 9 00 

©»f^BJE©^±#^EfetL3t!4^ ID 1 5 0 0 0B#Ffl© 

[0 16 0] GaN/^r-fTjast, AlGaN/ 
GaN/t77^75S©, P>^ffifflLfc»^l^io 
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<9, •vx{rTMlZ.97y*W£.£Z><0\ZtoL* A 1 G a 
N/\}aN/tf7r-rTffl6*JBv\fc##fctt, ^©<fc 
5 4B«tt*^. rftdJ;^ #e*9, #J»#tt. if 

(* i 3 (ommmm) % 1 3 <Dmmmn, 

10 1 6 1] Ell 8fi. Si 3©HJS^(C^5^# 10 
U— tJ-*-(D»fffiBlT-fc5. ftf\ t77^7S!70 1 
J:i:GaN|7 0 2 > A 1 G a Ng 7 0 3 £Mgj| Sftfc 
S«7 0 0±(C, SiOi 7 0 4lr^-f5o & 

tc N -vx^ 7 0 4 ©lng|5<fc 9, MOCVDffiicJ: 9G 
a Nf 7 0 SSrJ&fi^itS,, 

[0162] GaNl7 0 5i!« SitfcftlcEl^iBS^ 
£T*jfcg:Lfc#, VJ£, IIIfl5©IS«*la*Jt*SA, ^ 

(-»l$nfc:^fflfjtSr#Swt^-C#-5o 20 
[0163] J; 9 PIffllCfl, **©G a Ng 7 0 5 fdifi 
V^^fe, n -G a N=i>^^ hg 7 0 6 , n-AlG 
a y Kg 7 0 7, n-G a NtfJ Kg 7 0 8 , M 

QW7 0 9, p — G a N U4 Kg 7 1 0> p-AlGa 
NS711, p-GaN3^^M7 12H45W 

[0 16 4] l^-f^-eii. 
Sr^-T5l». ^*fi^#M^K7^iy^y^Srffl 

<^fc»*li, MtejMM*©ffi#ti«Ulfc5£fc;fcif 30 
[0 16 5] 

[*w<oa*i et±8ftWLfci5^**wtj;ixtf, m 

g*te, ^-^©^©^i^isiB&s^i&c 

tt, «5vf$im ft¥ftft&<D&&temmmt&v>)¥ 

[0 16 6] *t InGaAl Ng©-gP(C©||^ 
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ftfe^^^g<7)^ B B B ^fi^|| < !:/ t ei9, rtUwi?)*- 

[lffi©ffi*4i^] 

[hi] %mmz£9{t&Lttm<mx*m#m*<Dm 
[112] &w<n%\<DnwBmK&t>z>mim**mw 

[El 3] m©£Jfi«IBfcftJHLfc^**<z>MR»e« 

[i4] ^m<om2<Dmmmm\mio^mmm^m 

[El 5] »2©j|lfi}BlSic:«[fflLfcaf«Stto* (Hp 
[El 6] *36K©SU©3feSfc^tefc«*j5£fc*j3Rffi* 

[ei 7] *&w<D%5v>%immmttmmik%% 
[ei 8] x&wiDmenmifoMmfc&frzmtmxDB 

[El 9] **M©»7©HJfi»lBtiSi35a^«J*** 
[EI10] 1 7 oitf iCttf Lfcv^ - v© 

[eh i] *&w<n%8<DmnMmzmzmii:®>%¥m 

ft v— if ©***j|**+*riIiBI. 
[Eli 2] *&W<o%9<DMMBmiz&&£lk!fa%¥m- 

[Ell 3] 0©SEi£*l|gKff5aik*5R¥ 
^SfCilSEM^Xtfct), (a) tt7|-7'f7' 
«©-v^^ 5r-^7 r ^TS«© (11-20) 7J[6l(w» 
J*Lfc»g\ (b) ttdfli 9 0M45*|5ll;ML 

[Ell 4] El 13 (a) iC^LTtf-yy/W^fffiTEM 

[Ell 5] Ell 3 (b) (C^Lfcf-V7°/U©irffiTEM 

[ei i 6 1 i i <Dmmmmic&?>mm%¥ 

tMfCffiiSEMflffct), (a) , (b) 14^ 
TixtGaN/1f7r-rrSS±lCS i O* -r^^SrJg 
$Lfcl§-g-©^Jl 0 

[eh 7] *i^©ii i <Dnmm^%zmty>i%:¥ 

mft^CDWims EMflffc^ AlGaN/ GaN 

[Ell 8] ^Wfflll 3©3g%ffli::ffiS£{k;4(9$¥$ 
[Ell 9] ftttJ*ftt*5lt5A©-&ft:^lc»AS*i.5<E 
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[02 0] 7y9^d»lcJ:D^(«tJ|i«BK4C-5Ka 

[12 1] #3iWi&*£ic7)A 1 GaNte^T, 
A l *>£#*4: 9 y y t 7 ]) -«ff©ll«*^-t«H4 

Ho 

2 0, 3 0-t7r^7Sft 

2 1, 3 1-S i 0 2 

2 1a, 3 1 a (BBP») 

2 2, 3 2-glMGaN^y77l 

2 3, 3 3-JSfij*SG a NTH * 
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